Developing rapid soil tests to predict N availability could improve management strategies for irrigated crops and would assist in sustainable production. No rapid soil test has been evaluated for applicability in irrigated systems in the semiarid western united States. Soils were collected at two sampling depths (0-30 and 30-60 cm) from irrigated fields across southern Idaho representing predominant soil classes, crops, and irrigation management systems; a 0-60 cm depth was calculated. Anaerobic incubations were used to estimate N mineralization ( E stimation of N mineralization has proven to be one of the most difficult factors for determining accurate crop N recommendations; however, no single method has been widely accepted (Stanford, 1982; Bushong et al., 2008) . Historically, biological or incubation methods have provided the greatest predictive ability, but they are time-consuming and crop response is not predicted well in all instances (Bushong et al., 2007) . As such, discovery of an effective rapid soil test that predicts the amount of N mineralized would be valuable for improving N recommendations and could lead to improvements in crop N-use efficiency (Cabrera and Kissel, 1988; Roberts et al., 2011) .
stimation of N mineralization has proven to be one of the most difficult factors for determining accurate crop N recommendations; however, no single method has been widely accepted (Stanford, 1982; Bushong et al., 2008) . Historically, biological or incubation methods have provided the greatest predictive ability, but they are time-consuming and crop response is not predicted well in all instances (Bushong et al., 2007) . As such, discovery of an effective rapid soil test that predicts the amount of N mineralized would be valuable for improving N recommendations and could lead to improvements in crop N-use efficiency (Cabrera and Kissel, 1988; Roberts et al., 2011) .
In the western United States, researchers have successfully used a 7-d anaerobic incubation to predict the fertilizer N needs of winter wheat (Triticum aestivum L.) in the Willamette Valley, Oregon (Christensen and Mellbye, 2006) . Because of the uniqueness of this production region (i.e., long growing seasons, ample rainfall, and diversity of crops), the difficulty in producing results in a timely manner and the lack of studies outside of this area have limited its direct use on a large-scale basis. A resurgence in research for a rapid soil test that is capable of accurately predicting N mineralization was largely initiated by Khan et al. (2001) who introduced the Illinois Soil N Test (ISNT), which measures alkaline-hydrolyzable N concen-trations, as a method to determine whether corn (Zea mays L.) would respond to applied fertilizer N. Since then, notable challenges with the ISNT have emerged in both laboratory and field evaluations, which have had mixed results (Khan et al., 2001; Barker et al., 2006a Barker et al., , 2006b Sharifi et al., 2007; Osterhaus et al., 2008; McDonald et al., 2014) . Based on the improved accuracy of predicted corn response in New York (Lawrence et al., 2012) , Cornell University Cooperative Extension has implemented a modification of the ISNT that includes a direct measurement of SOM measured via LOI. Additionally, the University of Arkansas Cooperative Extension has used an alternate test [i.e., direct steam distillation (DSD), which was shown to be highly correlated to the ISNT (r 2 = 0.90)] to predict fertilizer N requirements in soils producing rice (Oryza sativa L.) (Bushong et al., 2008; Roberts et al., 2013) . The DSD soil test measures alkaline-hydrolyzable N (i.e., NH 4 -N, amino sugars, and some amino acids) and has been successfully correlated and calibrated in Arkansas and is now widely used within the state for fertilizer N recommendations for rice producers where flooded conditions alter N mineralization dynamics (Roberts et al., 2013) . In addition to specific soil tests, sample depth in combination with soil N and C has been shown to be an important but sometimes overlooked factor (Roberts et al., 2012) . Roberts et al. (2016) recently patented a novel technique for measuring potentially mineralizable N based on measured ASN that uses a standard 2 M KCl extract and fluorometric principles to quantify amino sugar compounds. This technique allows for the dual analysis of ASN alongside inorganic N with the same extract and thus minimizes sample analysis time and analytical resources.
The flush of CO 2 (FL_CO 2 ) on rewetting has been used as an indication of soil microbial activity and has been correlated with mineralized N in soils (Franzluebbers et al., 2000; Haney et al., 2001; Schomberg et al., 2009) . Haney et al. (2001) reported that the FL_CO 2 accounted for 78 to 93% of variability in mineralizable N for a range of soils over a 24-h period. Additionally, in a study on grassland soils in Ireland, McDonald et al. (2014) reported that the FL_CO 2 explained 47% of the variability in mineralizable N. Wade et al. (2018) reported that the method by which water is added can have a significant effect on the FL_ CO 2 , where additions via capillary movement lead to decreased CO 2 compared with additions based on water-holding capacity.
Improvements in determining mineralizable N would improve the accuracy of fertilizer N recommendations, enhance returns, and reduce potentially negative environmental impacts. Studies focused on the investigation of multiple depth intervals, corresponding to the approximate rooting depths of crops, and on alkaline soils in irrigated areas common to the western United States are lacking. Thus the objectives of this paper were to evaluate rapid chemical and biological test methodologies in relation to a 7-d anaerobic incubation, where the study will be the first to evaluate the recently patented ASN and will be one of the first to directly compare the FL_CO 2 with different wetting procedures.
MATERIAL AND METHODS

Site Description and Characterization
Soil samples were collected from nonmanured irrigated production fields (n = 35) across southern Idaho. The region largely consists of the Snake River Plain Major Land Resource Area, where the annual precipitation is 18 to 30 cm and upward of 51 cm in some higher elevation areas; the dominant soil order is Aridisols with mesic or frigid soil temperatures, with an aridic soil regime and mixed or smectitic mineralogy; and soils often contain accumulations of carbonates (USDA-NRCS, 2006) . Within a sampling site, an approximately 0.1-ha area was sampled by collecting and compositing four subsamples with a 7.6-cm bucket auger from depths of 0 to 30 and 30 to 60 cm, the depths on which potato (Solanum tuberosum L., 0-30 cm), small-grain barley (Hordeum vulgare L.) and wheat recommendations (0-60 cm), and sugarbeet (Beta vulgaris L., 0-60 cm) N recommendations are currently based in Idaho (Brown, 1996; Moore et al., 2009; Robertson and Stark, 2003; Stark and Westermann, 2003) . Soil samples collected from each depth were dried in a forced-convection oven at 40°C and subsequently crushed and passed through a 2-mm sieve.
Descriptions of the sample locations are presented in Table 1 . Characteristic of the region, the majority of soils were classified as loam or silt loam. Samples were collected prior to crop establishment and fertilizer applications in the spring. The previous crop represented the majority of major commercial crops [i.e., sugarbeet, potato, wheat, oat (Avena sativa L.), dry bean (Phaseolus vulgaris L.), barley, alfalfa (Medicago sativa L.), and corn]. In addition to the previous crop, the irrigation method was also noted, which encompassed the primary methods of irrigation management (i.e., center pivot, wheel line, and handline) common in the region.
Soil Physical and Chemical Characterization
Particle size analysis was performed on soil samples from the 0-to 30-and 30-to 60-cm depths using the hydrometer method, where samples were pretreated to remove CaCO 3 using 1.0 M sodium acetate (Miller et al., 2013) . Soil electrical conductivity and pH were determined using a 1:1 soil/deionized water ratio and CaCO 3 was determined via the modified pressure calcimeter method (Sherrod et al., 2002) .
Soil Testing Indices Anaerobic N Incubation
A complete list of the soil testing index methods and their corresponding references is given in Table 2 . A 7-d anaerobic incubation was conducted where 20 g of soil was placed into a 125 mL polypropylene bottle, 25 mL of deionized water water was added and stirred, and a second aliquot of 25 mL was added (Waring and Bremner, 1964; Miller et al., 2013) . The extraction bottle was subsequently covered with parafilm and the lid tightly secured. The extraction bottle was placed in an incubator at 40°C for 7 d. Immediately following removal, samples were extracted with 50 mL of 2 M KCl, placed on a reciprocating shaker for 60 min, and extracted through a Whatman 42 filter (GE Healthcare, Little Chalfont, UK). Samples were subsequently analyzed colori-metrically on a Lachat QuickChem 8000 Flow Injection Analyzer (Hach, Loveland, CO). An initial reference check of each sample was measured for NH 4 -N concentration and was subtracted from the final NH 4 -N concentration measured at the end of the 7-d anaerobic incubation to estimate N-mineralization.
Total C, Organic C, and Total N Total carbon (TC) and total nitrogen (TN) were measured by high-temperature combustion using a VarioMax CN analyzer (Elementar Americas, Inc. Mt Laurel, NJ) according to the method of Bremner (1996) . The sampled soils often had a pH exceeding 8.0 and high CaCO 3 levels. Therefore, all samples were measured for CaCO 3 -C via the principles described by Sherrod et al. (2002) for the pressure calciminer method where FeCl 2 was added to minimize organic matter evolution of CO 2 . Organic C (OC) was determined via the method of Nelson and Sommers (1996) as follows:
[1]
Soil Organic Matter (LOI)
The LOI analysis was conducted on samples where 10 g of the sample was dried at 105°C for 2 h and placed in a desiccator for 1 h. Samples were then combusted in a muffle furnace at 360°C for 2 h, dried for 1 h at 105°C, and equilibrated in a desiccator for 1 h. Loss on ignition was determined on the basis of the difference between the initial and final weights (Storer, 1984; Miller et al., 2013) .
Soil Organic Matter (Walkley-Black)
Walkley-Black (WB) oxidizable soil C was quantified by reaction of Cr 2 O 7 2− and H 2 SO 4 (Nelson and Sommers, 1996) .
A 0.50-g soil sample was added to a 125 mL Erlenmeyer flask and extracted with 5 mL of 1.0 N K 2 Cr 2 O 7 2− , where 10 mL of concentrated H 2 SO 4 was added, stirred, and cooled for 20 min. Next, 50 mL of the solution was added and the samples were allowed to sit for 1 h and subsequently filtered through a Whatman No. 1 filter (GE Healthcare). Samples were analyzed colorimetrically on a Genesys 10 spectrophotometer (Thermo Fisher Scientific, Waltham, MA).
Amino Sugar N
Samples were analyzed by a novel fluorometric method that was recently developed and patented at the University of Arkansas to measure ASN (Roberts et al., 2016) . Three grams of soil was placed in a centrifuge tube and 30 mL of 2 M KCl was added. Samples were placed on a reciprocating shaker for 30 min and extracted through a Whatman No. 4 filter (GE Healthcare). The extraction solution was then analyzed on a Skalar Segmented Flow Auto Analyzer (San System, Breda, Netherlands). This analysis allows for simultaneous quantification of NO 3 -N, NH 4 -N, and amino compounds including most amino acids and amino sugars.
Alkaline-Hydrolyzable N (ISNT)
Soils were analyzed via the ISNT method (Khan et al., 2001) . One gram of soil was placed into a modified 473-mL Mason jar and treated with 10 mL of a 2 M NaOH solution. Samples were heated for 5 h at 48 to 50C° on a modified hotplate where NH 3 gas was captured in a H 3 BO 3 indicator solution in a petri dish. The quantity of NH 4 -N was measured by acidimetric titration with H 2 SO 4 on an automated titrator (848 Titrino Plus, Metrohm, Switzerland).
Alkaline-Hydrolyzable N (DSD)
Alkaline-hydrolyzable N was measured via DSD. A 1-g soil sample was added to a steam distillation flask where 10 mL of 10 M NaOH was added to the flask (Bushong et al., 2008) . Distillation was conducted at a rate of 7 mL min -1 until 35 mL of distillate was collected in a 4% H 3 BO 3 solution. The amount of NH 4 -N was quantified by acidimetric pH endpoint titration with H 2 SO 4 on an autotitrator (848 Titrino Plus, Metrohm).
Flush of CO 2
The relative FL_CO 2 on rewetting was measured via the methods of Haney et al. (2008) and Wade et al. (2018) . Two methodologies were used: first, the soil bulk density was estimated in the dried and crushed sample, based on the volume that 40 g of soil occupied in the plastic beaker. Water was added via a top-down method (FL_CO 2 _BD) to approximately achieve field capacity. Following the addition of water, the plastic beaker was then placed in a 250-mL glass jar, which was sealed with a rubber seal (Woods End Laboratories, Mt. Vernon, ME). A color gel indicator probe was inserted into the jar (DCR, Woods End Laboratories). The color paddle changes color as CO 2 is absorbed and a relationship has been developed to determine the CO 2 captured on the paddle. Samples were then incubated at 22 to 25°C for 24 h. Following the 24-h period, samples were immediately removed from the incubator and analyzed using the DCR. A second set of samples were measured for FL_CO 2 ; however, instead of a top-down wetting method, a bottom-up capillary wetting method was used (FL_CO 2 _C). Similar to Haney et al. (2008) and Wade et al. (2018) , samples for the FL_CO 2 _C were analyzed with an infrared gas analyzer (840-A, LI-COR, Lincoln, NE). Soil samples were added as described above where the plastic beaker had small holes in the bottom to allow the 20 mL of added water to move into the 40 g of soil via capillarity.
Alkaline-Hydrolyzable N (Solvita Labile Amino N)
The Solvita labile amino N (SLAN) test as distributed by Solvita (Woods End Laboratories) was conducted on soils in the study (Solvita, 2016) . A 4-g soil sample was weighed into a 30-mL cup and 10 mL of 2 M NaOH was added to the cup. Immediately following the addition of the NaOH, a SLAN paddle (Woods End Laboratories) was placed inside a 250-mL glass jar and sealed with the accompanying cap and rubber seal. Samples were then incubated at 22 to 25°C for 24 h. Following the 24-h period, samples were immediately removed from the incubator and analyzed with the DCR via the SLAN calibration settings.
Statistical Analyses
An ANOVA was conducted for individual soil tests based on depth across sampling locations with a completely randomized design in JMP version 13 (SAS Institute, Cary, NC), mean separations were performed via Fisher's LSD test, where p < 0.05. Discrete samples were analyzed for individual depths and the combined depth. Pearson correlations and regression analyses were conducted in Sigma Plot version 13.0 (SYSTAT, San Jose, CA) to determine the relationships among soil test protocols.
RESuLTS AND DISCuSSION
Soil Testing Indices Sample Depth Description
Soil physical and chemical properties for the 0-to 30-and 30-to 60-cm depth were within the range of those within the region and are reported in Table 3 . Measured values for the soil indices from the 0-to 30-, 30-to 60-cm, and calculated 0-to 60-cm depth are reported in Table 4 to Table 6 . Over 30% of the samples analyzed via the SLAN test were below the procedural detection limit according to the lowest measured DCR value for the 0-to 30-cm depth and 92% at the 30-to 60-cm depth; there-fore, the test was excluded from further analyses (Table 4 and  Table 5 ). Significant differences for individual tests were measured according to the depth (Table 7 ). All tests resulted in decreased concentrations at the 30-to 60-cm depth compared with the 0-to 30-cm depth. The average value of NMIN decreased from 29.9 mg N kg -1 in the 0-to 30-cm to 9.8 mg N kg -1 at the 30-to 60-cm depth, and the 0-to 60-cm depth was intermediate at 19.6 mg N kg -1 . The results reported in previous studies ranged from 2.9 to 403 mg N kg -1 (Keeney and Bremner, 1966; Gianello and Bremner, 1986; Bushong et al., 2007; Schomberg et al., 2009; McDonald et al., 2014) . Samples from previous studies were typically from the 0-to 15-cm depth or shallower and from more humid climates than those of the current study.
The use of LOI is common as a measure of SOM and is less prone to loss of inorganic C than TC combustion analysis because of the reduced combustion temperature, as carbonates decompose at temperatures above 600°C (Kasozi et al., 2009 ).
The measured LOI concentrations resulted in a similar trend to NMIN (Table 7) . The ASN test averaged 117.5 µmol kg -1 at the 0-to 30-cm depth, decreased at the 30-to 60-cm depth to 60.8 µmol kg -1 , and was intermediate at the 0-to 60-cm depth. The ASN test has only recently been patented by Roberts et al. (2016) and comparative published studies are currently unavailable. Concentrations for the ISNT averaged 113.1 mg N kg -1 at the 0-to 30-cm depth and were lower at the 30-to 60-cm depth (68.3 mg N kg -1 ). The ISNT concentrations were generally in the lower range of those in previous studies, which ranged from 161 Table 3 . Mean (± SE) physical and chemical properties of soil from the 0-to 30-cm and 0-to 60-cm depths used for evaluation of rapid soil N tests from southern Idaho. .9 † NMIN, mineralizable N determined via anaerobic incubation; TN, total N; OC, organic C; LOI, organic matter determined by the loss on ignition method; WB, organic matter determined by the Walkley-Black method; ASN, amino sugar N; DSD, direct steam distillation; ISNT, Illinois Soil N Test; SLAN, Solvita labile amino N; Fl_CO 2 _BD, flush of CO 2 after rewetting dried soil via a top-down method (measured as CO 2 -C in mg kg -1 ); Fl_CO 2 _C, flush of CO 2 after rewetting dried soil via a bottom-up method (measured as CO 2 -C in mg kg -1 ); BDL, below detection limit. ‡The sample detection limit for the Walkley-Black method is 10 g kg -1 and the SLAN detection limit is 25.0 mg kg -1 .
to 592 mg N kg -1 (Klapwyk and Ketterings, 2006; McDonald et al., 2014) . However, other studies have reported significantly lower values, which are more similar to those in the current study (Roberts et al., 2009a (Roberts et al., , 2009b Williams et al., 2007a Williams et al., , 2007b .
The FL_CO 2 _BD values in the current study averaged 55.7, 25.0, and 40.3 mg CO 2 -C kg -1 for the 0-to 30-, 30-to 60-, and 0-to 60-cm depths, respectively (Table 7) . In contrast, the FL_CO 2 _C averaged 15.9, 10.0, and 13.0 mg CO 2 -C kg -1 for the same sample depths, respectively. The values in the current study were both less than and greater than those previously reported, where McDonald et al. (2014) and Haney and Haney (2010) reported values below100 mg CO 2 -C kg -1 . Wade et al. (2018) and select samples from the North American Proficiency Testing Program (2017) exceeded 100 mg CO 2 -C kg -1 ; the difference is primarily based on whether the FL_CO 2 _BD method or the FL_CO 2 _C method was used. The FL_CO 2 _BD typically results in greater values than the FL_CO 2 _C (Wade et al., 2018) .
Previous research has largely focused on the determination of N mineralization from samples collected from the 0-to 15-cm depth or shallower; however, few studies have focused on deeper sampling depths. Khan et al. (2001) suggested that a 0-to 15-cm sample was sufficient to provide an estimate of potentially mineralizable N and could be taken at the same time as samples for routine soil analysis. This was later supported by Barker et al. (2006a Barker et al. ( , 2006b . Work by Laboski et al. (2008) showed a strong correlation for N soil test parameters from soils collected at the 0-to 15-cm depth and the 0-to 30-cm depth and concluded that the shallower increment was sufficient to predict crop responses to N fertilizer in midwestern US soils. Other studies have used deeper sampling depths (e.g., 0-45 cm) to predict the response of rice via a rapid soil test (Roberts et al., 2013) . The results of the current study provide evidence that mineralizable N and rapid soil test indices from deeper sampling depths in southern Idaho produced lower concentrations and thus crop response trials are needed to establish appropriate sampling depths for specific crops in the region. _BD, flush of CO 2 after rewetting dried soil via a top-down method (measured as CO 2 -C in mg kg -1 ); Fl_CO 2 _C, flush of CO 2 after rewetting dried soil via a bottom-up method (measured as CO 2 -C in mg kg -1 ); BDL, below detection limit. ‡ The sample detection limit for the Walkley-Black method is 10 g kg -1 and the SLAN detection limit is 25.0 mg kg -1 .
Sample Depth Correlations
The correlations of the N indices with the NMIN test indicated that all tests were moderately to strongly correlated at the 0-to 30-cm depth (r = 0.48-0.73; Table 8 ). The ASN and FL_CO 2 _C test were strongly correlated (r = 0.73) to NMIN. The ASN test has only recently been patented and released, and comparison data are unavailable from other published studies. The DSD and ISNT tests were also strongly correlated with NMIN (r = 0.69 and r = 0.64, respectively). The DSD and ISNT tests have previously been reported to be strongly correlated with NMIN (Bushong et al., 2007) as well as the ISNT to DSD (Roberts et al., 2009b) . McDonald et al. (2014) reported r = 0.83 between ISNT and NMIN from surface-depth soils in Irish grasslands.
Loss-on-ignition is commonly used by soil test labs and was strongly correlated to NMIN (r = 0.65; Table 8 ). Soil organic matter is often used within the region to estimate N mineralization; Table 6 . Calculated rapid soil test indices for the 0-to 60-cm depth used to evaluate rapid soil-N tests from southern Idaho soils †. .1 7.6 † NMIN, mineralizable N determined via anaerobic incubation; TN, total N; OC, organic C; LOI, organic matter determined by the loss on ignition method; WB, organic matter determined by the Walkley-Black method; ASN, amino sugar N; DSD, direct steam distillation; ISNT, Illinois Soil N Test; SLAN, Solvita labile amino N; Fl_CO 2 _BD, flush of CO 2 after rewetting dried soil via a top-down method (measured as CO 2 -C in mg kg -1 ); Fl_CO 2 _C, flush of CO 2 after rewetting dried soil via a bottom-up method (measured as CO 2 -C in mg kg -1 ); BDL, below detection limit. ‡ The sample detection limit for the Walkley-Black method is 10 g kg -1 and the SLAN detection limit is 25.0 mg kg -1 . 13.0b p-value < 0.001 < 0.001 < 0.001 < 0.001 0.014 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 † NMIN, mineralizable N determined via anaerobic incubation; TN, total N; OC, organic C; LOI, organic matter determined by the loss on ignition method; WB, organic matter determined by the Walkley-Black method; ASN, amino sugar N; DSD, direct steam distillation; ISNT, Illinois Soil NTest; Fl_CO 2 _BD, flush of CO 2 after rewetting dried soil via a top-down method (measured as CO 2 -C in mg kg -1 ); Fl_CO 2 _C, flush of CO 2 after rewetting dried soil via a bottom-up method (measured as CO 2 -C in mg kg -1 ). ‡ Values in the same column followed by different letters are significantly different according to Fisher's protected LSD (p < 0.05).
however, research in the region has not consistently shown these estimates to be accurate (Robertson and Stark, 2003) . The correlation reported by McDonald et al. (2014) for LOI was r = 0.78 in comparison with the results of the current study. Total N and OC correlations to NMIN was r = 0.61 and 0.51, respectively. Strong correlations have previously been reported for several of these parameters (Curtin et al., 2017; McDonald et al., 2014; Wall et al., 2010) . For example, McDonald et al. (2014) reported a correlation between NMIN and both TN (r = 0.82) and TC (r = 0.81) in surface-depth soils. Curtin et al. (2017) also reported strong correlations between NMIN and both TN (r = 0.73) and TC (r = 0.70) in surface soils in New Zealand. However, although TN, TC, and LOI were moderately to strongly correlated with NMIN, these pools are likely to be less sensitive to changes in mineralizable N during the growing season (McDonald et al., 2014) .
The FL_CO 2 _BD and FL_CO2_C tests were moderately to strongly correlated with NMIN (r = 0.48 and 0.73, respectively; Table 8 ). McDonald et al. (2014) and Curtin et al. (2017) reported correlations of r = 0.69 and r = 0.87, respectively, for the FL_CO 2 _C method; the correlation between NMIN and the FL_CO2_BD was not tested. Haney et al. (2001) reported that up to 93% of the variation in N mineralization was accounted for by CO 2 captured over a 1-d incubation period. In the current study, FL_CO 2 _C was strongly correlated, whereas FL_CO2_BD was only moderately correlated, indicating that the test protocols can have a large influence on the subsequent results, in agreement with the results of Wade et al. (2018) . Soil textural components (sand, silt, and clay) have previously been reported to be associated with mineralizable N (McDonald et al., 2014) . Results from the sand and silt soil fractions at the 0-to 30-cm depth were correlated with NMIN (sand: r = -0.47, p = 0.004; silt: r = 0.47, p = 0.004); clay was not significantly correlated (p > 0.05). McDonald et al. (2014) reported sand, silt, and clay correlations of r = -0.50, r = 0.43, and r = 0.50, respectively. For the 30-to 60-cm depth, no correlations were significant between soil textural fractions and NMIN.
At the 30-to 60-cm sample depth, all rapid soil tests were correlated with NMIN, with the ASN being strongly correlated (r = 0.76; Table 9 ). The TN, DSD, LOI, and ISNT tests were also moderately to strongly correlated. From the 0-to 30-to the 30-to 60-cm depth, the correlation between NMIN and ASN slightly increased from r = 0.73 to 0.76; for the FL_CO 2_ BD, it decreased from r = 0.48 to 0.40, and for the FL_CO2_C, it decreased from r = 0.73 to 0.51. Though the correlation between the rapid soil tests and NMIN at this depth were more varied 
.69*** * Significant at the 0.05 probability level. ** Significant at the 0.01 probability level. *** Significant at the 0.001 probability level. † NMIN, mineralizable N determined via anaerobic incubation; TN, total N; OC, organic C; LOI, organic matter determined by the loss on ignition method; WB, organic matter determined by the Walkley-Black method; ASN, amino sugar N; DSD, direct steam distillation; ISNT, Illinois Soil N Test; Fl_CO 2 _BD, flush of CO 2 after rewetting dried soil via a top-down method (measured as CO 2 -C in mg kg -1 ); Fl_CO 2 _C, flush of CO 2 after rewetting dried soil via a bottom-up method (measured as CO 2 -C in mg kg -1 ). 
.87*** * Significant at the 0.05 probability level. ** Significant at the 0.01 probability level. *** Significant at the 0.001 probability level. † NMIN, mineralizable N determined via anaerobic incubation; TN, total N; OC, organic C; LOI, organic matter determined by the loss on ignition method; WB, organic matter determined by the Walkley-Black method; ASN, amino sugar N; DSD, direct steam distillation; ISNT, Illinois Soil N Test; Fl_CO 2 _BD, flush of CO 2 after rewetting dried soil via a top-down method (measured as CO 2 -C in mg kg -1 ); Fl_CO 2 _C, flush of CO 2 after rewetting dried soil via a bottom-up method (measured as CO 2 -C in mg kg -1 ).
than at 0 to 30-cm depth, N recommendations in Idaho and many western states would either be for the 0-to 30-cm depth or include both sample depths. As such, the values from both the 0-to 30-and 30-to 60-cm depths were combined to provide the best indicator for a range of crops grown in the region based on current sampling protocols. Accurately determining a predictive test will also depend on the ability to correlate and calibrate crop-specific responses at the appropriate sampling depth based on the crop of interest (Roberts et al., 2011) . All rapid soil tests were correlated with the NMIN tests to varying degrees for the calculated 0-to 60-cm depth. Several tests were strongly correlated to NMIN, including ASN (r = 0.79), DSD (r = 0.70), ISNT (r = 0.69), Fl_CO 2 _C (r = 0.67), and LOI (r = 0.67; Table 10 ). The ASN test was strongly correlated at the 0-to 30-cm and 0-to 60-cm depths, where the correlations were r = 0.73 and 0.79, respectively. Total N was strongly correlated with ASN (r = 0.86) at the 0-to 60-cm depth, where DSD, LOI, and ISNT were very strongly correlated with TN, r = 0.95, 0.94, 0.90, respectively. Variation in the correlations may indicate that the fraction recovered by ASN may be less dependent on TN than other tests for the calculated 0-to 60-cm sample. The FL_CO2_BD was moderately correlated with NMIN (r = 0.42) at the 0-to 60-cm depth. Additionally, FL_CO2_BD was not correlated with TN or OC (p > 0.05), indicating that the test under the bulk density protocols measured pools that were less specific to TN or OC as measured in the current study. The FL_CO 2 _C method was strongly correlated with NMIN at the 0-to 30-cm depth (r = 0.73) and strongly correlated at the 0-to 60-cm depth (r = 0.67). The results of the comparison of wetting methods are in agreement with Wade et al. (2018) , who reported a decreased FL_CO 2 when the capillary method was used, indicating that the protocols used for the test are a major factor in the tests results and thus their applicability. The current study results indicate that the FL_CO 2 _C was one of the tests more strongly correlated with NMIN across sampling depths.
Regression Analyses
Regression analyses were performed to compare the relationship of selected rapid soil tests with NMIN at the 0-30-and 0-to 60-cm depths (Table 11) . At the 0-to 30-cm depth, all linear regressions were significant (p < 0.05) and the r 2 values ranged from 0.37 to 0.53. At the 0-to 60-cm depth, the r 2 values ranged from 0.42 to 0.62 for the linear regressions. Improvements have previously been made in determining N mineralization by including SOM as a factor (Lawrence et al., 2012) . Increased SOM concentrations were measured via LOI in Sample 22.1 and Sample 23.1 (Table 4) . Removal of these samples resulted in changes in the slope and intercept and improved r 2 relationships for several soil test indices at the 0-to 30-cm depth (Table 11 ; Fig. 1) . Because of the small number of samples (n = 2), regression analysis of the high SOM samples alone was not conducted. The regression results indicated that an increased r 2 , steeper slopes, and smaller intercepts for TN, LOI, and ASN, where removal of the high SOM sites had less effect on FL_CO2_C. Thus TN, LOI, and ASN may be better described by analyzed on the basis of n = 33. ‡ TN, total N; LOI, organic matter determined by the loss on ignition method; ASN, amino sugar N; DSD, direct steam distillation; Fl_CO 2 _C, flush of CO 2 after rewetting dried soil via a bottom-up method (measured as CO 2 -C in mg kg -1 ).
factoring SOM into testing for NMIN. Although removal of high SOM sites for all tests resulted in changes in slope, intercept, and r 2 at the 0-to 60-cm depth, the line fit change was less pronounced for ASN and FL_CO 2 _C. These results indicate that although r 2 values were smaller with the FL_CO 2 _C, the pools of mineralizable N characterized by the test were less affected by variation in SOM. At the 0-to 60-cm depth, the ASN test resulted in a greater r 2 than TN when all samples were included and a similar r 2 when high SOM sites were removed, thus providing evidence of the ability of the ASN test to characterize the variation in NMIN.
CONCLuSIONS
Our results indicated that several rapid soil tests were promising for predicting mineralizable N in the soils tested. Several rapid tests were strongly correlated at both the 0-to 30-cm and the 0-to 60-cm depth, which are currently used for N recommendations in a multitude of crops in southern Idaho. Total N and OC were also correlated, but as these are more stable soil fractions, their sensitivity to year-to-year changes in crop rotation, fertilizer management, and irrigation are likely to be less sensitive than the other tests. The LOI test, which is commonly used within the region for estimating N mineralization, should be further investigated to determine its applicability in predicting crop responses. Differences in the results between the FL_CO 2 methods were noted, indicating that procedural methods should be refined for replicability. The FL_CO 2 _C was one of the most strongly correlated tests across the sampling depths, whereas the FL_CO 2 _BD was less strongly correlated. Of the rapid alkaline-hydrolyzable N tests, ASN was highly correlated at the 0-to 30-cm depth, the depth at which recommendations for potatoes are made, as well as at the 0-to 60-cm depth, that at which small grains (e.g., barley and wheat) and sugarbeet recommendations are made. Further regression analysis indicated that TN, LOI, and ASN tests may be improved by factoring SOM into estimations, where the FL_CO 2 _C did not benefit. The ASN test is advantageous from a laboratory standpoint, as the extractant is 2M KCl and the analysis procedure is automated. Although several other tests were nearly as strongly correlated as the ASN to NMIN (e.g., FL_CO 2 _C), another benefit of this method is the dual use of 2 M KCl extractant in the measurement of inorganic N, which is included in N recommendations and routinely conducted in soil test analyses in the region. Although several tests were well correlated with NMIN in the tested soils, further research is needed, as the test must be correlated and calibrated with crop response parameters to be useful as a predictor of N mineralization for crop production in the region. Idaho and other western states are major producers of many important commodities (e.g., potato, barley, wheat, sugarbeet, etc.), and if a rapid soil N test that is able to quantify mineralizable soil N could be correlated and calibrated, improvements in fertilizer N use efficiency would occur, leading to more accurate fertilizer N recommendations. Thus an effective rapid soil N test could lead to improved agronomic and economic returns while minimizing potential N losses to the environment. 
